Objective: To validate the necessity of increasing the examined lymph node (ELN) count for enhancing the accuracy of prognostic evaluation of gastric cancer (GC) patients after curative gastrectomy in multiple medical centers of China.
Introduction
Intraoperatively dissected lymph node (DLN) count is an essential parameter to ensure the curative quality of gastrectomy for gastric cancer (GC) (1) . This parameter corresponds to the number of lymph nodes dissected by surgeons intraoperatively within a complete tissue specimen. Actually, DLNs should be individually separated from a complete tissue sample for detailed pathological examination after surgery because this procedure requires patience and endurance. Consequently, the examined lymph node (ELN) count after curative surgery for GC is frequently lower than the DLN count, and this condition may directly impede the accurate evaluation of the curative degree of surgery for GC (2) . In theory, three essential elements can affect the ELN count, which may induce the migration of pN stage after surgery: 1) extent of intraoperative lymphadenectomy or the degree of lymph node dissection; 2) number of lymph nodes postoperatively separated from a complete tissue specimen, and 3) pathological confirmation of ELNs. A consensus for the extent of lympadenectomy in standard GC curative surgery should be recommended for D2 lymphadenectomy but not for all early diseases (3) . However, a consensus on the sufficient ELN count based on the DLN count for accurate evaluation of the pN stage has not been researched.
Several studies have revealed the significantly positive association of ELN count with the number of metastatic lymph nodes in GC, but the quantitative assessment of the effects of ELN count on GC has remained controversial (4, 5) . The minimum ELN count required for proper staging is not mandatory according to the 8th edition TNM classification for GC (6), although an ELN count of ≥16 has been proposed by the American Joint Commission for Cancer (AJCC) to guarantee the accurate prognosis of pN stage since 2009 (7) . Recently, Sano et al. (8) reported an international gastric cancer association staging project including 25,411 patients mainly from Japan (41.85%) and Korea (42.98%) to propose that the optimal ELN count had better achieve to be 30 or more. We also noticed that the mean values of ELN count of GC patients in Japan (39.4) and Korea (33.0) were identified to be higher than those in other Asia countries (24.8) and West countries (29.5) in that manuscript (8) . It must be sure that no pN classification system can supersede the performance of an adequate lymph node dissection of ≥16 nodes as endorsed by any oncology practice guidelines [such as National Comprehensive Cancer Network (NCCN) guidelines] (9) .
Considering the important effects of the number of metastatic lymph nodes on the accurate evaluation of pTNM classification and prognosis of GC patients after surgery, we should define the cut-off values of the ELN count to prevent the migration of pN stage in clinical settings. The present study aimed to elucidate whether the sub-classifications of ELN count should be designed to enhance the accuracy of both postoperative staging and accurate prognostic evaluation for GC patients. Survival differences among various subgroups of GC patients were analyzed on the basis of various cut-off values of the ELN count from three high-volume medical centers in North and South China.
Materials and methods

Patients
Between January 2001 and December 2011, 2,864 GC patients underwent surgical resection in the Department of Gastric Cancer in the Tianjin Medical University Cancer Hospital (TJMUCH), 3,043 GC patients underwent surgical resection in the Department of Surgical Oncology in the First Affiliated Hospital of China Medical University (CMUFAH) and 2,977 GC patients underwent surgical resection in the Department of Gastric and Pancreatic Surgery in the Sun Yat-sen University Cancer Center (SYSUCC), respectively. After approval from the institutional review boards of the TJMUCH, the CMUFAH and the SYSUCC, data from the cancer registries of three hospitals was obtained. Informed consent was obtained from all patients for being included in the study. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964 and later versions.
Eligibility criteria included: 1) histologically proven primary adenocarcinoma of the stomach; 2) no history of gastrectomy or other malignancy; 3) absence of noncurative surgical factors including distant metastasis, positive peritoneal cytology, or peritoneal dissemination; 4) no Siewert-I or II esophagogastric junction (EGJ) tumor; 5) pathologically negative resection margins (R0 resection); 6) remaining alive during the initial hospital stay and during the first postoperative month; and 7) no administration with neoadjuvant radiochemotherapy. After applying these criteria, we found that 71 patients had the history of gastrectomy, 46 patients had suffered from other malignant diseases, 117 patients presented with distant metastasis in the operation, 106 patients presented with the peritoneal dissemination, 503 patients were diagnosed as the Siewert-I EGJ tumor after surgery, 105 patients were identified as the R1 resection cases, 38 patients were identified as the R2 resection cases, 74 patients died during the first postoperative month, and 204 patients were administered with neoadjuvant treatments. Ultimately, 7,620 GC patients were included in the study (Supplementary Figure S1 ).
Surgical management
Primary tumors were resected en bloc by means of lymphadenectomy according to the guidelines of the Japanese Gastric Cancer Association (10) . The surgical procedures were based mainly on the Japanese Gastric Cancer Treatment Guidelines (11) . Patients with clinical T1 and N0 tumors underwent D1 or D1+ lymphadenectomy, and patients with clinical T2 or more advanced tumors and/or those with N1 or more advanced tumors underwent D2 or D2+ lymphadenectomy. Each medical center has a surgical expert who can perform the standard gastrectomy (including D1, D1+, D2, or D2+ lymph node dissection) in accordance with Japanese Gastric Cancer Treatment Guidelines.
Follow-up
After undergoing curative surgery, all 7,620 patients were followed up every 3 or 6 months for 2 years, then every 6 months for next 3 years, and annually thereafter until death. The median follow-up time for the entire cohort was 87 (range, 2−186) months. Follow-up of all patients included in this study was completed in October 2015.
Stage migration
Stage migrations were mainly defined as: 1) no statistical significance of the survival differences to be detected in several subgroups of patients with different ELNs in the specific pN stages, or 2) the significant survival differences to be detected in several subgroups of patients with the same ELNs in the different pN stages.
Statistical analysis
The cut-point survival analysis was adopted to determine the most appropriate cut-off values for the ELN count (12) . Clinicopathological characteristics significantly related to patients' survival were evaluated by the Kaplan-Meier method and Cox proportional hazards analysis. Chi-square test, likelihood ratio test and multinomial logistic regression were used for the correlation analysis of ELN count and the various clinicopathological characteristics. The Bayesian information criterion (BIC) value within a multinomial logistic regression model was calculated for each category to measure its discriminatory ability. A smaller BIC value indicated a better model for predicting outcome (13) . Stratum analysis was adopted to evaluate the influence of the clinicopathological characteristics on the efficiency of prognostic prediction of the ELN count for patients and to demonstrate the migration of pN stage of patients in accordance with the varieties of the ELN count. Significance was defined as a P value <0.05. All statistical analyses were performed using IBM SPSS Statistics (Version 19.0; IBM Corp., New York, USA).
Results
General results
The 5-year survival rate (YSR) of 7,620 GC patients was 54.6%, with a median overall survival (OS) of 81.0 months (Supplementary Figure S2A) . Of the 7,620 GC patients, 2,793 (36.7%) were pN0 stage (node-negative) with 80.1% of 5-YSR, 1,364 (17.9%) were pN1 stage with 58.1% of 5-YSR, 1,487 (19.5%) were pN2 stage with 44.6% of 5-YSR, 1,337 (17.5%) were pN3a with 27.5% of 5-YSR, and 639 (8.4%) were pN3b stage with 9.9% of 5-YSR (Supplementary Figure S2B) . The data from 7,620 GC patients were analyzed, and the clinicopathological characteristics of patients are shown in Table 1 . Of the 7,620 GC patients, 2,318 (including 96.3% advanced cases) with 42.6% of 5-YSR underwent curative surgery in the TJMUCH, 2,868 (including 81.4% advanced cases) with 57.6% of 5-YSR were subjected to curative surgery in the CMUFAH, and 2,434 (including 86.6% advanced cases) with 62.9% of 5-YSR had their curative surgery in the SYSUCC. A total of 3,244 (42.6%) patients died at the end of the follow-up. The curve correlation between the number of metastatic lymph nodes and the ELN count is illustrated in Supplementary Figure S2C . In addition, the correlation between pN stage and ELN count was identified to be statistical significance in all 7,620 GC Table S1 ). According to the 7th edition TNM classification for GC, the minimal prerequisite for the prognostic evaluation of patients should be 16. However, the most appropriate cut-off value of the ELN count was 31 (>30), which were calculated in accordance with the method reported by Okajima (14) ( Supplementary Table S2 and Figure 1A , B).
Survival analysis
Univariate analysis revealed that the following nine clinicopathological characteristics were significantly associated with OS after the 7,620 GC patients undergoing 
Effects of other clinicopathological characteristics on ELN count for predicting prognosis of GC patients
Stratum analysis through Kaplan-Meier analysis was conducted to investigate the potential effects of other clinicopathological characteristics on the ELN count prognostic prediction for all GC patients. In Table 3 , ELN≥ 16 was considered as the minimal and optimal prerequisite for the accurate prognostic evaluation of the following subgroups of patients: pN0 stage, age at surgery ≥60 years, tumor sizes of ≤4.0 cm, diffuse Lauren classification, and 0% ratio between metastatic lymph nodes and ELNs. We also found that the 5-YSR of node-negative patients with ELNs≥16 was significantly higher than those with ELNs<16 (P<0.001), while the 5-YSR of node-negative patients with ELNs 16−30 was not significantly different from that of the node-negative patients with ELNs>30 (P=0.796; Figure 1C ). On the other hand, the 5-YSR of node-positive patients (pN1−3a) with ELNs 16−30 was significantly higher than that of the patients with ELNs<16 (P<0.001), and the 5-YSR of node-positive patients (pN1− 3a) with ELNs>30 was also significantly higher than that of the patients with ELNs 16−30 (P<0.05; Figures 1D−F) . In addition, the 5-YSR of pN3b patients with ELNs 16−30 was significantly different from that of pN3b patients with ELNs>30 (10.8% vs. 18.7%, P=0.003; Figure 1G ).
In Table 3 , ELNs>30 was also identified as a potentially optimal prerequisite for the prognostic evaluation of patients with tumor sizes of >4.0 cm (Figure 2A) , and as the minimal and optimal prerequisite for the prognostic evaluation of patients who underwent total gastrectomy, and pT4b stage patients ( Figure 2B, C) .
In order to make the above results more convincing, we have adopted the univariate COX proportional hazards analysis to evaluate the impact of the ELN count on GC patients' prognosis (Table 4) . Ultimately, we found that the ELNs>30 had the significant impact on discriminating the prognosis of subgroups of patients in clinicopathological characteristics, such as tumor size (P=0.031), type of gastrectomy (P=0.015), and pN stage (P<0.001).
Stage migration analysis of ELN count
Univariate survival analysis revealed that the survival of patients with ELNs 16−30 was not significantly different from that of patients with ELNs>30 in the all 7,620 included patient cohort (P=0.262) ( Figure 2D ), although ELN count was identified as an independent predictor of patients' prognostic evaluation in this study. In Tables 1  and 2 (Figures 3A−F) .
In addition, stage migration of pN stage was also analyzed in different ELN count in all 7,620 GC patients by using the univariate survival analysis. We demonstrated that the stage migration of pN stage was only found in subgroup of patients with ELNs>30 as between pN1 and pN2 stage patients ( Figures 4A−C, Supplementary Table S3 ).
Discussion
Nodal involvement, which is one of the strongest predictors of GC prognosis, is mainly the potential root of disease relapse among patients after surgery (15) (16) (17) (18) (19) . Our previous study showed that patients with ELNs≥16 had a significantly median OS than those with ELNs<16 after curative surgery because of the underestimation of the N stage of patients with ELNs<16 (20). We also demonstrated that the insufficient ELN count may be a potential risk factor of the postoperative recurrence of GC patients even in node-negative patients (17) . Consistent with the 6th edition of Union for International Cancer Control (UICC)/AJCC TNM classification for GC, the median survival of patients with perigastric lymph node metastasis, serosal involvement, and ratio of positive lymph nodes less than 25% or patients without adjuvant chemotherapy in the ELN>15 group was comparatively longer than that of patients with homologous clinicopathologic variables in the ELN<15 group (1) . We further demonstrated that ELNs<16 are more significantly associated with high rates of local regional recurrence and peritoneal dissemination in node-negative GC patients than ELNs≥16 (21) .
At present, the clinicopathological data of 7,620 GC patients from three medical centers in South and North China represented the basic disease information and general therapeutic level of GC, especially advanced disease, in China. Similar to other researchers, we found that the 5-YSR of GC patients with ELNs≥16 was significantly higher than that of patients with ELNs<16 (P<0.001) ( Figure 1A ). There is still no consensus to mandate a minimal requirement of ELN count for the accurate staging and prognostic evaluation of GC, although ELNs≥16 has been proposed in the latest edition GC pTNM classification. In this study, patients were divided into two groups based on cut-off ELN numbers between 5 and 40. For each cut-off value of ELNs, the survival rates of patients between these two groups were compared. When the cutoff values of ELNs was between 7 and 31, the prognosis of patients who had less than the cut-off values of ELNs was significantly worse than that of patients who had the cut-off values or more ELNs (Supplementary Table S2 ), suggesting that a retrieval of more than 30 ELNs might be recommended as a sufficient ELN count for lymph node staging. Note that this is different from the Japanese researchers' report that a majority of GC patients in China were advanced stage cases at the time of initial diagnosis (14) , which may incur stage migration of lymph node metastasis in Chinese GC patients with insufficient ELN count in theory. Table 2 shows that pN stage had the significant relationship with ELN count of GC patients, indicating that increasing the ELN count could enhance the detection ratio of positive nodes partly. In Supplementary Figure S2C , the general trend of the correlation between the metastatic lymph nodes and the ELN count implied that the number of positive lymph nodes was partly based on the ELN count. In Table 3 , pN stage was remarkably influenced by the ELN count during the evaluation of the survival of GC patients.
ELNs>30 could be considered to enhance the discrimination of the survival difference among some subgroups of node-positive patients (pN1−3), although the survival of node-negative patients (pN0) with ELNs 16−30 was not significantly different from that of patients with ELNs>30 (P=0.796, Table 3 and Figure 1C ). Therefore, we analyzed that the curve of ELNs>30 should be considered as the essential threshold to guarantee the accuracy of pN + stage for inhibiting the stage migration of positive nodal involvement, which might be contributed to precisely prognostic evaluation of GC patients. Table 3 and Figures  1D −G also show that ELNs>30 significantly contributed to the improvement of the survival discrimination in all nodepositive GC patients. Figure 4 shows the survival rate differences in accordance with pN stage among the various subgroups of patients with different ELN count. It seems to be deduced that the 5-YSR of all GC patients with ELNs<16 can be increased by 12.1% for pN0 cases, 26.1% for pN1 cases, 28.6% for pN2 cases, and 25.3% for pN3a cases when ELN count increases to more than 30 for all patients with ELNs<16. Other GC patient subgroups, including those with tumor size >4.0 cm, those who underwent total gastrectomy, and those in pT4b stage also contributed to enhancing the survival discrimination by ELNs>30 (Figure 2) .
Stage migrations in lymph node metastasis were also identified among several subgroups of GC patients in this study. Figure 3B indicates that node-negative patients with ELNs<16 were potentially high-risk false node-negative cases in this patient cohort because of the smaller ELN count with a lower accuracy of pN staging. Similarly, pN1 <16 stage should be defined as ELNs>30 for the comparatively accurate prognostic discrimination of patients ( Figure 3C, D) . Patients with pN1 16−35 or pN3a <16 demonstrated pN staging migration as the ELN count increased ( Figure 3E, F) . Therefore, an increase in ELN count could enhance the accuracy of prognostic evaluation by pN stage through the inhibition of stage migration for node-positive GC patients. Of course, we have to admit that there are some limitations to this study. All patients are come from Chinese population in this study, which perhaps result in little bias of detection results comparing to the other race. In viewing of about 42% of worldwide GC patients occurring in China, the large scale patient-based cases are capable of possessing certain representative significance.
Conclusions
Our analysis suggests that ELN count should be determined to accurately assess the status of lymph node metastasis among GC patients. For node-positive GC patients, ELN>30 should be recommended to avoid stage migration after surgery.
Figure S1
Scheme of included patients after curative gastrectomy. 
